Objective: To analyze cartilage gene expression of patients with osteoarthritis (OA) in correlation with radiographic and histological findings. Materials and Methods: Twenty-one patients with OA of the knee admitted for total knee replacement were analyzed clinically and radiographically by the Kellgren and Lawrence system. During surgery, cartilage samples from the medial and lateral condyles and tibial plateaus were harvested separately. Specimens were analyzed histologically (Mankin score) and total RNA was extracted directly from cartilage tissue. Steady state levels of stromelysin (MMP-3), aggrecan (AGG) and the house-keeping gene ß-actin were measured using quantitative PCR. Results: Histology of medial and lateral knee compartments corresponded to radiographic changes (Spearman correlation coefficient: r = 0.7 (p ! 0.01)). There was a positive correlation between MMP-3 and AGG gene expression (r = 0.4; p ! 0.01). We found considerable variation of expression levels of MMP-3 and AGG and no correlation of gene expression with histological or radiographic scoring.
Introduction
Osteoarthritic cartilage degeneration is characterized by a loss of proteoglycans from the cartilage extracellular matrix. The progressive destruction of cartilage in osteoarthritis (OA) is attributed to an elevation of matrixdegrading enzymes originating from chondrocytes and synoviocytes [1] . Several biochemical studies have shown an enhanced synthesis of proteoglycans in OA cartilage at least at early stages of the disease [2, 3] . Thus, the net loss of matrix components has been attributed to an enhanced catabolism rather than a lack of synthesis [4, 5] . More recent studies could show that the hyperactivity of condrocytes was restricted to the middle and deeper zones of OA cartilage [6] . During cartilage degeneration, stromelysin (MMP-3; matrix metalloproteinase-3) is thought to be a major enzyme targeting several matrix components including aggrecan (AGG) [7] . AGG represents the major proteoglycan of articular cartilage providing the osmotic swelling capacity and thus elasticity [8] . The analysis of Stöve/Gerlach/Huch/Günther/Brenner/ Puhl/Scharf Axis of the lower extremity was considered as varus limb alignment at an angle of 1 174°a nd as valgus limb alignment at ! 174°. Mean levels of gene expression of MMP-3 and AGG (medium and lateral compartments) are given as relative expression of ß-actin (%). LOA = Localized OA; GOA = generalized OA.
AGG and MMP-3 expression in cartilage should give more insight into the degradation process during the course of OA.
In imaging techniques, like radiographic and magnetic resonance imaging, the degeneration of OA mainly appears as a rather monotonous process. On the other hand, clinical and biochemical or more recently molecular biological tools usually yield an inhomogeneous appearance of cartilage tissue [9] [10] [11] , which makes a correlation among them difficult to establish. Up to now, it remains unclear which parameters will serve as a good monitor of OA progression. Gene expression analysis might help to obtain insight into the regulation of cartilage metabolism. However, up to now no study has tried to correlate radiological and histological findings of OA with cartilage metabolism at a molecular level. The aim of our study was to analyze the appearance of OA at a clinical, radiological and histological level in order to correlate these findings with the gene expression of AGG and MMP-3. Another purpose was to investigate whether different clinical subsets of OA, like localized and generalized OA, show differences not only clinically but also at the gene expression level. While localized OA is often associated with mechanical factors, in generalized OA, metabolic or genetic defects might play a major role [12, 13] .
Material and Methods
Fourteen female and seven male patients with OA of the knee admitted for total knee replacement have been included in the study after signing the informed consent form. The study was approved by the Ethics Committee of the University of Ulm. Patient characteristics are given in table 1. The average age was 69.9 years (range: 48-81 years, median 71 years). Anteroposterior (AP) weight bearing x-rays of both knees in extension and a lateral view in 40 degrees of flexion were obtained. Limb alignment was analyzed for varus/valgus deformity by measuring the lateral angle of the femur and tibia shaft axis. In addition to the x-rays of the affected joint, we obtained bilateral dorsovolar hand radiographs. Preoperative radiographs were graded according to the classification of Kellgren and Lawrence (K&L) [14] . Generalized OA (GOA) was diagnosed if two separate joint-groups in the hands in addition to the knee joint showed radiographic OA [15] . Proximal/distal interphalangeal (PIP/DIP) joints and carpometacarpal (CMC) joints were recorded as separate joint regions.
The definition of GOA required involvement of at least 2 DIP or PIP joints and at least 1 CMC joint in addition to an OA knee joint.
During surgery, cartilage samples of the medial and lateral knee compartments (condyles and tibial plateaus) were harvested separately. For histological analysis a full-thickness section of the tibial plateau of the medial and lateral sides with subchondral bone was fixed in 4% paraformaldehyde. All samples were stained with hematoxylin-eosin and safranin-O and graded using the Mankin score [11] . Total RNA was extracted directly from the cartilage tissue using the guanidinium-thiocyanate method and ultracentrifugation in cesium chloride [16, 17] . For reverse transcription we used oligo-dT primer and 1 Ìg total RNA (cDNA kit; Roche, Mannheim, Germany). For quantification, cDNAs of MMP-3 [primer design: 5)-CACTTCAGAACCTTTCCTGGCATC-3), 5)-GCTTCAGTGTTG-GCTGAGTG-3) 406 bp (nucleotides 338-744)] and AGG [primer design: 5)-ACAGGTGAAGACTTTGTGGAC-3), 5)-AAGTGGTC-ACTCCTGGAGCAG-3) 338 bp (nucleotides 2446-2784)] were amplified in competitive PCR. Mimics, which were constructed using a commercially available kit (Clontech, San Jose, Calif., USA), were used as standards. Target gene and mimic shared the same primer binding sites. To obtain a dilution row, we performed six PCRs with different standard concentrations and an equal amount of cDNA. Samples were denatured for 2 min at 95°C and annealed for 1 min at 60°C followed by extension for 1.5 min at 72°C (PCR reagents: 10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl 2 , 200 ÌM dNTP mix, 0.4 ÌM primer and 2.5 U AmpliTaq DNA polymerase (Perkin Elmer, Norwalk, Conn., USA)). DNA fragments were resolved on EtBrstained agarose gels to determine the concentration of equimolarity between target gene and standard. Band intensities were analyzed on a video imager system (Amersham-Pharmacia-Biotech, Uppsala, Sweden). The natural logarithm of the relative amounts of target and standard DNA was used to calculate the point of equimolarity (Image Master VD-Software, Pharmacia, Uppsala, Sweden). As the isolation and purification process was expected to influence the mRNA expression levels, we normalized the results to the housekeeping gene ß-actin [primer design: 5)-ATCTGGCACCACACCT-TCTACAATGAGCTGCG-3), 5)-CGTCATACTCCTGCTTGCTG-ATCCACATCTGC-3) 838 bp (nucleotides 294-1131)], which was estimated in the same way.
Statistical Analysis
Data are expressed as mean and standard error of the mean (SEM). The Mann-Whitney U-Wilcoxon Rank Sum Test was used to compare groups of evaluated parameters from medial and lateral knee compartment and the Spearman's correlation coefficient was applied to calculate the correlation between different evaluated parameters. Values of p ! 0.05 were considered significant.
Results

Radiographic Analysis
All patients had a gonarthrosis of medial and lateral compartment (bilateral gonarthrosis). Nine patients had a generalized OA and 12 had a localized OA.
Five patients had valgus gonarthrosis with a higher score according to K&L classification in the lateral knee compartment. Two had a radiographically mild varus axis with a grade III degradation in the medial and lateral compartment according to K&L. All others showed a varus gonarthrosis with a mechanically loaded medial knee compartment and a grade III-IV destruction according to the K&L classification. The lateral compartments in the latter patients were classified as grade II-III destruction.
Histology
Histological samples of medial and lateral tibia plateaus showed degenerative lesions expected from the radiographic degree of degradation. The Mankin score of different K&L grades is shown in figure 1. Histology and radiology revealed a distinct positive correlation of r = 0.75 (p ! 0.001).
Gene Expression
The mRNA expression level varied considerably even after correction on the housekeeping gene ß-actin. Using ß-actin not only as a housekeeping gene but also as an internal control of our RT-PCR method, we looked for the intraindividual expression level between the medial and lateral compartments. The expression level of ß-actin of the medial and lateral compartments varied on average 2.5-fold (B0.3).
The expression level of MMP-3 mRNA of the more severely damaged compartments showed 33.1 B 15.3% of ß-actin expression. The corresponding results of MMP-3 from the less severely damaged compartments were 13.6 B 6.4% of the ß-actin expression. AGG even showed a higher variability of expression: for the more severely Stöve/Gerlach/Huch/Günther/Brenner/ Puhl/Scharf damaged compartments with 26.3 B 19% of ß-actin expression; expression level for less severely damaged compartments was 6.4 B 3.5%.
There was a positive correlation (r = 0.41) of MMP-3 expression and AGG expression (p ! 0.01) ( fig. 2) . However, we observed no correlation between the K&L score and MMP-3 or AGG expression level, respectively. Neither could we detect any correlation between the Mankin score and expression level of MMP-3 and AGG. The distribution of MMP-3 and AGG expression of different Mankin grades is shown in figure 3 .
Analysis of Localized OA and Generalized OA Mankin scores of localized OA (LOA) were 8.58 B 0.4 points for the more severely and 6.4 B 0.5 points for the less severely damaged compartment. Corresponding Mankin scores for GOA patients were 10.94 B 0.7 and 7.78 B 0.9 points. Patients with GOA showed an expression of 11.3 B 9.6% for MMP-3 and 2.06 B 1.16% for AGG in the more severely damaged compartment. In LOA patients we found an expression of 49.4 B 25.2% for MMP-3 and 44.4 B 32.9% for AGG. The corresponding results for the less severely damaged compartment were 6.92 B 3.9 and 2.42 B 1.16% for GOA and 18.5 B 10.7 and 9.44 B 5.8% for LOA patients. The difference of MMP-3 expression between LOA and GOA patients in the more severely damaged compartment ( fig. 3 ) was marginally significant at an ·-level of p = 0.05.
Discussion
The aim of this study was to examine OA with different analytical tools and to investigate whether there is a correlation between them. We found a positive correlation of radiographic features and histological grading in patients with mid-to late-stage OA of the knee ( fig. 1) . Although we could not find any correlation between radiographic or histological parameters and AGG or MMP-3 gene expression, we found a positive correlation between overall gene expression of AGG and MMP-3 ( fig. 2) .
In our cartilage samples we expected a correlation of histological and radiographic scores. Both scores evaluate parameters which reflect the monotonous degradation of cartilage. Although OA is characterized histologically by an inhomogeneous loss of cartilage throughout the joint, we found a distinct correlation between the K&L score and the Mankin score in our samples. Previous studies could show a correlation of degenerative changes of cartilage in magnetic resonance imaging and histology [18] .
The positive correlation of AGG and MMP-3 expression in our patients is consistent with the hypothesis that during the course of OA both the anabolic and catabolic cascade is commonly regulated [4] [5] [6] 19] . The current hypothesis is that articular chondrocytes normally pro-duce balanced amounts of degradative metabolites like MMPs and their inhibitors, TIMPs, and anabolic metabolites like AGG [20] . In mid stages of the disease process there is an upregulation of AGG and collagen type II [21, 22] . However, there are zonal differences in metabolic activity, and chondrocytes originating from the upper zone show suppressed activity [6] .
The high variability of gene expression in our study is in agreement with previous reports which found a high variation of AGG expression in cartilage [23] and even a higher variability of COMP expression in cartilage of OA and rheumatoid arthritis [24] . Others [25] showed less variability of expression of small proteoglycans in OA tissue. However, a clinical or radiographic evaluation is missing in those latter studies. Our results suggest that gene expression is not simply correlated with radiographic and histological parameters. Whether the variability in mRNA expression truly reflects an underlying individual variation or different OA etiologies remains to be established.
Our aim was not to compare normal and OA cartilage but to analyze the metabolism of different degradation states and subsets of OA. To start with some of these problems, we set up two OA entities which are most likely to have a different underlying predisposition. Patients from LOA and GOA groups did not differ in respect to age, sex and metabolic diseases. We found a different expression level of MMP-3 in the more severely damaged knee compartment between both groups at marginal significance (p = 0.05) ( fig. 3 ). However, we found a different Mankin score in patients with LOA and GOA which might have influenced MMP-3 expression as well. Only very few studies investigated differences between patients with a localized and generalized subset of OA which support the hypothesis that GOA is a distinct subset of OA [26] [27] [28] . Dequeker et al. [26] found an elevated insulin-like growth factor and transforming growth factor in cortical bone in patients with GOA. Naito et al. [27] concluded that an elevated plasma level of MMP-3 in GOA patients might be an indicator of whole joint degeneration.
The low cell numbers of cartilage tissue led us to use quantitative PCR for gene expression analysis. The most difficult problem in dealing with OA cartilage is the heterogeneity of samples. In comparison to in situ hybridization, in which the expression can be correlated to the grade of degradation, in quantitative RT-PCR a pooled sample is analyzed [6] . The high variability of gene expression, especially some very high and low levels, requires careful interpretation of the data. Besides possible confounding clinical variables which we did not control for, methodological aspects might have influenced the high variability. Therefore we looked for the intraindividual variation of ß-actin which is expected to be relatively stably expressed in the medial and lateral compartment in a single patient. ß-Actin, in contrast to MMP-3 and AGG, showed only little variation inter-and intraindividually, suggesting the appropriateness of the used quantitative PCR method.
In conclusion, we have shown a high variability of gene expression in OA cartilage samples. Although we found a positive correlation of anabolic and catabolic metabolites indicating a common regulation, there was no correlation with radiographic or histological features.
